
Indian Acriculitoai/ 
Research Institute, Nkw Delhi 



.I.A.RL6:' 
am 'NLK— tf-3 1.A.B.L— 10-5-55— 1 5>MH) 



TECHNICAL PAPER No. 8 



S>nthtfj 0f Jfatbtu 




THE HEIGHT OF MOUNT EVEREST 

•• A NEW DETERMINATION ( 1952-54) " 

By 

B. L Gulatee, M.A. (Cantab.), F.R.I.C.S., M.I.S. (India) 

Director, Geodetic and Research Branch, Survey of India 



44622 



lllillil 



1ARI 



PUBLISHED BY ORDER OP 
THE SURVEYOB GENERAL OF INDIA 

1954 



Price Three Bapees or Five Shillings. 




w^raxjt 



IJ\I>r\N AuiUl'UL'El/KAL 
IvEb-EAKCK Ix&TlTUTE, New D.KLUt. 



I. A.. R, I. G. 

MLU'U- M— n VR/U— 7 7-ot-10,00t). 



Corrections to Technical Paper No. 8, 
The Height of Mount Everest "A New Determination ( 1952-54) '' 



Page i, Preface, para 4, line 2. — 

After 1954, add the following : — 

"It aims at providing a clear presentation of the issues involved and 
no exhaiistive bibliography of previous attempts at calculating this height. 
is given". 

No. 1, dated 23-6-55. 



Page 2, para 1, line 29. — 

For ' • 05 ' substitute ' ■ 06 '. 



No. 2, dated 2,1-6-55. 



Page 9, para 6(b), line 12. — 

After the word respectively enter the following : — 

The heights obtained were as follows : — 

Height in feet 
Mayam h.s. Laori Panda h.s. 



iiT 



From Ladnia T.S. 10,948-7 ] 1,878 • 

„ Chatra v.s. 10,946-5 11,875-8 

„ Darjeeling Observatory h.s. 10,951.- 5 11,880 -S" 

No. 3, dated 23-6-55. 



Page 13, para 8, line 2. — 

For the words " Tavistock Theodolite" substitute " Wild T 2 Theodo- 
lite". 

No. i, dated 23-6-55. 



Page 13, para 8, line 3. — 

For the words "Geodetic Wild Theodolite " substitute "Geodetic 
Tavistock Theodolite". 
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1 J R £ F A E 

Mount Everest is located on the Nepal-Tibet border and is the 
pride of the Groat Himalaya,!! range. It is about 10,000 feet higher 
than Kilimanjaro, Afriea's highest mountain, whose height lias just 
been re-determined precisely 1 , and oven the higliest peaks of U.S.A. 
would rank as its minor satellites. 

The height of Mount Everest accepted by tiro Survey of India i,s 
lit), 002 feet ; this has endured for over a. century and the last digit of 2 has 
intrigued the expert and the lay-man alike for a Jong time. Several 
other values such as il) : 050 : 2!), (ISO, i!9 r .UJ. and ^9,149 have been quoted 
for it from time to time and with, the growing enthusiasm regarding all 
matters pertaining to Mount Everest, certain half truths keep on getting 
printed in. the semi-popular and oven geographical and scientific literature. 
For instance, in the wake of the disastrous Assam earthquake of 1.950, 
a story found wide circulation, in U.S.A. that Mount Everest was pushed 
up and that the geologists now consider its height to be 29,200 feet. 
Similarly in the London Times ( December 3, 1,951 ), a correspondent 
asked for the most recently determined height of Mount Everest. He 
was told in reply by a wiseacre that 20, 1.40 feet was the latest figure 
from revised computations and "Until Mr. Shipfon or some other climber 
stands gasping on the summit with an aneroid in his hands, this seems 
to be the best- that science can do'''. 

To dispel such popular erroneous impressions, the author brought; out 
a paper'- 1 which gave au appraisal of the peculiar difficulties associated 
with the determination of the heights of lofty mountain peaks. Calcu- 
lations of such heights is dependent on a number of important factors in 
a field which, is mainly the preserve of specialists. It was explained in the 
above paper that because of lack of proper observational material and 
geodetic data the older calculation of the height of Mount Everest was 
entirely inadequate and there was urgent need for scientifically planned, 
observations to this peak from mountains in Nepal not far from it. 

This paper describes in detail the work undertaken for this purpose 
during tire years 1952, 1953 and 1954. Very careful planning was re- 
quired to ensure an adequate number of observations, bearing in mind the 
difficulties of terrain and lack of transport and communications. 

The first: desideratum was to carry a triangulatioii series as close to 
the peak as possible. This is a costly item and would have been, unjustifi- 
able if carried out solely for the purpose of determining the height of the 
peak. Fortunately a chain of minor triangulatioii was run in Nepal in 
the years 1940-47 to provide control for irrigation projects. This was 
reinforced by 3 measured bases and 3 spirit-levelled connections and 
the triangulatioii was extended to the north, in 1952-53, so that its most 
northerly stations were at distances of 30 to 40 miles from the peak ( see 
Chart II ). Mount Everest was observed from 8 stations of tins series 
ranging in height from 8670 to 14762 feet and great care was taken to 
ensure that the heights of these tnke off stations were well fixed in 
terms of sphitdovolling. 

1 'Tha ciilciiliitiou nl' (lie height of Kilimanjaro ', br W.L. Dickson. Empire Rurroy 
Review, Jan. 1051, p, 206. 

- "Mount Everest — Ife name and height", by B. L. Gulatec, Sui'vcv of India, Technical 
Vapor No. -i. 



The previous attempts to fix the height of the peak were also ham- 
pered by complete lack of geodetic data. In 1953-54, a comprehensive 
programme of plumb-line deflections and gravity observations was 
carried out to delineate the geoidal rise under Mount Everest, These 
observations are unique in many ways and are of great significance for 
revealing the mechanism of compensation of this interesting region. 

Topo friarigidation extending west from Darjeeliug was carried out 
by Messrs. R. 8. Ohugh, U. I). Mamgajn, R. L. Sharma and 1ST. N. Dhawan 
during the years ] !')-!■ f.i-5;j (Chart II); the extension triangnlation by 
Oapt. IVf. M. Dahta ( I9f>3 ) ; vertical angle observations by Messrs. 
M. M. Datta and J. B. Mathur ( 195:>-53-54 ) ; the plumb-line deflections 
by Shri >J. "B. Mathur and the gravimeter observations by Shri A. N. 
Bamanathan (1954). Much credit is due to the observers for carrying 
the work to a successful conclusion under arduous conditions, especially 
as they were not well equipped for climbing on high mountains. 

The analysis and reductions of the new data have entailed heavy 
work in which I have received, much assistance from Shri G. B. Madanand 
the staff of the Computing Section at Dehra Dun. These are described 
i'nlly in. this paper and are compared in detail with the earlier observations. 

The new value obtained is 29,028 feet which, it is hoped, is not 
likely to be in error by moire than 10 feet. It will serve no useful purpose 
to push the accuracy further by more observations as the seasonal 
fluctuation of snow on the summit could well be of this order of magnitude. 
The older value of 29,002 feet was vague and was computed in. a most 
incomplete mariner, e.g., with a definitely wrong value of refraction and 
with no regard lo the datum surface. It has always been, suspected 
that it erred on the moderate side and some enthusiasts have regarded 
the peak to bo some 200 feet higher than the quoted value. They will, 
no doubt, be disappointed.. The accepted value 29,002 feet has been 
critically appraised in para 9 and it will be seen that the implications of 
this new figure for height are very different from those of the old one and 
the two are really not comparable. The fact that they are so close 
together is due to fortuitous cancellation of the effects of certain important 
physical factor's which had been neglected, in the previous computation. 

My thanks are due to Brigadier, G. Bomford. for helpful discussions 
both orally and hy correspondence. 



B. L. GULATEE, m.a. ( castas. ), 

Deuba Dibr : e.r.i.c.s., m.i.s. ( india ), 

Dated 25th Oct. '54. Director, Geodetic da Research Branch. 
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THE HEIGHT OF MOUNT EVEREST 

BY 
B. L, GULATEE, M.A. ( CANTAB. ), F.H.I.C.S., M.I.S. ( INDIA ) 

i. Heights of Himalayan Snow Peaks. — The North-East Longi- 
tudinal Scries, covering a linear distauco of about 740 jixiies iron; the 
Dehra JJiiu base to iSoua-kli.od.it base in Bihar, was observed in the years 
IS-IG to 1 851. with. theodolites ranging in .size from lo inches to 3b' inches. 
It was originally .intended that this series should run along the Nepal 
mountains but iuspite of repeated attempts the Nepal Government did 
not accord permission :l.bi" observations along this route and the pian had 
to be altered. After crossing the hills of Garhwal, the triangles were 
made to pass through, the malarious and unhealthy tracts at the loot 
of tlie Himalayas. The country being Hat, towers about 2D to !:>;") feet 
high, were used to secure, iufcer- visibility of station.:*. Chart L ill.ustvi.ites 
how the Himalayan peaks in Nepal were observed as intersected points 
by surveyors in 184!) to 1855 from distant low lying stations of this 
series. For comparison, the modern stations from which Mount Everest 
lias been observed two shown in the inset. 

The heights of the Himalayan, peaks evoked great interest in the 
Survey of India even in the early days and in a circular issued to 
the Great Trigonometrical Survey parties in the field in 1845, the 
/Surveyor General Sir Andrew Waugh wrote "The lofty snow peaks 
situated north of Nepal are the most stupendous pinnacles of the globe. 
Their heights and relative positions should form permanent objects in 
the geodetical operations". His instructions to Nicholson in 1849, when 
he was observing along the North-East Longitudinal Series, were "You 
should be in. the observatory before sunrise and all prepared to commence 
horizontal angles as soon as it is light. The vertical angles may be 
taken from S to ] o'clock a.m.". It is extremely difficult to get visibility 
in the afternoon over such long rays and the last sentence was added 
to ensure at least some observations being taken at other times, so that 
the opportunity to observe the high peaks was not entirely lost. 

When viewed from the plains of Nepal, Mount Everest, iuapite of its 
towering personality, does not appear to over-shadow the array of 
surrounding peaks. In fact, some of the peaks, on account of their 
nearness, give the illusion of being higher and when observations were 
taken to Mount Everest, there never was the slightest suspicion that 
it was the highest mountain in the world. The general belief at the time 
was that Kanchenjunga was tha world's loftiest peak. The observers 
took an immense number of horizontal and vertical angles to the snow 
peaks from the principal stations of North-East Longitudinal Series. 
They could not possibly discover individual local names from such 
long distances and quite a number of peaks were characterized by 
figures and Roman numerals. Mount Everest was simply labelled 'b' 
by Armstrong, 'y' by Waugh and Lane and 'h' by Nicholson. This 
was changed to peak XV at headquarters by Hennessey. 

A reference to some old manuscripts has revealed that 3. W. 
Armstrong while observing the Gora Meridional Series had thrown a 
single ray to Mount Everest in 1847 from a distance of about 200 miles. 
The observation consisted of a single determination of distance and 
a vertical angle. The value of the height which he obtained was 
28,799 feet. 



( ■■* ) 

It was later observed from the following six stations of the N-E- 
Longitudinal .Series in 1849-50: — Jnrol, Mirzapur, Janjipati, Ladnia, 
Harpur. ami Miiiai ( see charts 1 &II). 

These are stations in the plains at an average height of about 230 
feet above mean sea-level and. towers ( abont 20 to 32 feet high ) had to be 
I milt on them to make them intervisible for tiiangulation. The stations 
were about 110 miles away from the mountain. Once it was known that 
this was the world's highest peak, great pains were taken over the 
reduction of the data. In particular; a lot of attention was paid to 
refraction which, plays a dominant role when the rays are bug. 

No narrative account giving details of the old height computations 
of Mount Everest is forthcoming. Table I gives a synopsis of the obser- 
vations ; the heights calculated from eao.ii station tire given in column 9, the 
mean value being 29,00:} leet, which is the figure adopted up to the present 
time. This table lias been compiled from the original comj.uitat.ion volumes. 

It is on record thai; Sir Andrew Waugh took elaborate observations 
for determining the curvature of the path of a, ray of light between a 
number of peaks in the outer Himalaya, and the plains of Beugal by 
means of simultaneous reciprocal observations. The coefficients of refrac- 
tion k were obtained by giving due weight to the number of observations 
and the length of the skies. iTom column II) of Table .1, we see that the 
k's are given to 6 places of decimals and. arc different for different stations. 
The basis for the derivation of so many fictitious digits is nowhere stated 
bull it is representative of the trends in. those days. Actual ly, the concept 
of k for such long rays is erroneous and although with our present know- 
ledge we. can do much better, still for such long rays, the evaluation of 
refraction is even now subject to considerable uncertainty. In any 
case, the figures adopted, for k ( -07 to -Oti ) wore very much at fault ; they 
should have been of the order of (>■ 05. No account was taken of plumb- 
line deflections either, as ideas about them, were rather vague in those 
times, nor was the necessary information available for fixing the datum 
above which the height was reckoned. 

In the seasons IBSO-So and 1902, further observations were taken 
from stations in the Darjeeliug hills in the course of the normal survey 
programme. ( See Table 2 ). These stations were also too far, being 
at an average distance of 90 miles from Mount .Everest, but they had the 
advantage of being at a higher level. Assuming a coefficient of refraction 
of ■ 05, Burrard calculated 'the height of Mount Everest from these observa- 
tions in 1D05 and arrived at the value of 29, 14 1. feet*. He also recomputed 
the older observations and lixed the coefficients of refraction for the 
various rays by trial and error in such a way that tire mean result came out 
to be 29,141 feet. Here again plumbdine deflections were not utilized and 
this value is also above an undefined datum. But .it has attracted 
considerable attention in recent years. The Americans have published it 
on their maps and such an eminent mountaineer as F. S. Smythe in his 
book "Mountains in Colour" published in 1949 made a definite statement 
that the true height of Mount Everest was 29,141 feet. He attributed, 
the difference from 29,002 feet to be. due to the fact that "the mass of 
the Himalayas puts the bubble of a theodolite very slightly out of plumb 
to the centre of the earth" which of course is not the true explanation. 

Before we describe the new observations, it would be well to recount 
some of the factors which have an important bearing on the problem of 
the determination of heights of inaccessible peaks. 



* "A sketch of the Geography and Geology of the Himalaya Mountains and Tibet " by 
Col. S. G. Biirmrd and H. H, Hayden, Fart I, 1907, p 28. ' 
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2. Refraction. — It was realized even iu the curliest days that 
retraction was a most potent factor in evaluating the heights of the high 
mountain peaks as observed from long distances and much effort was 
expended in deriving the appropriate coefficients of refraction. For 
rays of Ilfl miles or so, an. error of 10— s in k produces an error of a 
foot oi' so in height and this is why in the older computations the It's were 
taken to (i places of decimals, because they computed ouch derivation of 
height to one place of decimal. No temperature and pressure obser- 
vations were taken and it is not known how such a large number of 
digits were selected — possibly the ruling consideration was that there 
should lie a good measure of agreement between the heights derived from 
various stations. In the light of modem knowledge \vc know now that 
the coefficients of refraction, adopted in the older computations were 
grossly in. error and the results from the various stations were qnite 
heterogeneous being burdened with varying systematic errors. 

The curvature of a ray of light and consequently its refraction 
depends on temperature T, pressure P and. temperature gradient ft of 
the atmospheric layers through which a ray passes, and is changing all 
live time. To obtain it accurately, observations for air density are 
required all along the ray at the time of observation. This is never 
feasible in practice and certain assumptions have to be made. The 
simplest method is to assume a value of coefficient of refraction k for the 
ray and get refraction from the formula Q, = k^, where x is the length 
of the ray in angular measure. This concept of k is, however, not valid 
for long rays with their extremities at very different elevations. It is 
only applicable to an infinitesimal part of a ray, being dependent on the 
values of ft, P and T prevailing there and these va,ry throughout the day. 

Air being compressible, has a greater density near the earth because 
of the greater mass above it. When it rises, it expands and is cooled 
without transfer of heat; and thus changes of temperature can occur in 
an ascending or descending mass of air due to different pressures. Theory 
shows that this dynamic cooling of dry air due to expansion is 5 • 5°F. 
per 1,000 feet. This is called the Adiabatic Lapse Rate. The above 
figure, however, is for dry air ; the presence of moisture has a consider- 
able retarding effect on. the cooling and a good average value is 3-2°F. 
per 1,000 feet. Much research ( theoretical and practical ) has been 
carried out on refraction since the beginning of this century and it has 
been found, that the major portion of the variation of refraction is caused 
by the large diurnal fluctuations of the temperature gradient. In the 
plains, the lapse rate may change by as much as 200% in the course of 
a clay and in the layer close to the ground surface, the extent of varia- 
tion can be very considerable. The modem practice to overcome 
irregular effects of refraction is by selecting a particular time of observa- 
tion, called the time of minimum refraction. This happens to be near 
mid-day, as it is only at this time that variations in the temperature 
gradient from day-to-day are least. On this account, the normal recip- 
rocal vertical angle observations are confined to this time in the 
usual routine of topographical surveys and if the extremities of the ray 
are not at very different elevations, refraction is assumed to bo the same 
at the, two ends. 

The snow peaks of the Himalayas, however, present one great 
difficulty in that reciprocal observations are not possible. Even with our 
present knowledge it is not possible to give a theoretical formula for 
refraction , which will be universally applicable for all lengths of rays, because 
intervening lapso rates may be very different from the accepted ones. 
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Experience shows that even for a tihvngulation series with comparatively 
short sides, heights derived from reciprocal observations differ system- 
atically according to the square of the length of the ray, indicating clearly 
that, the actual temperature gradients are different", from the tabulated ones. 

The only practical way of overcoming the uncertainty of refraction 
in such a ease is to observe from high hills close to the peak. The diurnal 
variation of lapse rate is comparatively small in this ease and it is not 
absolutely essential to confine the observations to mid-day. The values 
of refraction for the various rays in this paper have been calcu laterl by 
using the following formula, for the coefficient of refraction : — 

P 
k =-- 50,000 ,™ ( 0-0187 + fi ), where T is in absolute degrees 1? 

and jS is degrees .E/ft.* fi has been taken, as 3-2°F/l,000 ft, 

'For steep rays, like the ones to Mount Everest, where, the tempera- 
ture and pressure conditions at the two ends are very different, it can be 
shown that a value of k pertaining to a point l/3rd up along the ray 
gives a very good approximation. It will be shown in a later section 
that the resulting error in height, due to probable (hietuations in /3 for 
the observations under discussion, is negligible. 

3. Datum. — The heights' of points on the earth to be comparable 
with one another have to be reckoned above the same reference surface. 
Several such reference surfaces are available some of which are real 
while others are imaginary. Two of the most important ones are the 
reference spheroid of the country on which the triangulation is computed 
and the mean sea-level surface ( geoid ). In India, the latitude and 
longitude for mapping purposes are computed on a true spheroid called 
the Everest spheroid. The geoid is, however, not a true mathematical 
surface on account, of the irregular distribution of land and sea. One 
can consistently work on either surface, i.e., one can quote either spheroidal 
or geoidal heights provided one does so uniformly. There are, however, 
certain pros and cons regarding the choice of the reference surface which 
need clarifying at the outset. The interaction between these two surfaces 
involves some abstruse conceptions and even the experts have tripped 
over it in the past. 

The geoid, although irregular, has an actual physical existence and 
the surveyor's or engineer's level at each setting sets itself parallel to it. 
Starting with the mean sea-level at a given coastal observatory, a 
geodetic surveyor can trace the geoicl in great detail within the limits of 
observational and instrumental errors. The reference spheroid, on the 
other hand, has a mythical existence and can only be located by means 
of the geoid with the help of geodetic and astronomical observations. 
While it is the only suitable surface for reckoning latitudes and longitudes, 
it; is not so suitable as a height datum. Its adoption would lead to non- 
miiformity, as different countries use very different spheroids as their 
figures of the earth. 

Our predecessors in the last century knew levelling and so were 
able to obtain geoidal heights thereby. In the plains by the measure- 
ment of vertical angles they were also getting geoidal heights, although 
they were often unaware, of it. They were not able to obtain 
heights above the Everest spheroid, as they lacked the information 
regarding the separation of the geoicl from the spheroid. In fact., they 
quite often confused the two surfaces. 

* " Reoilesy " by G. Bnmford, f>. 159, 
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In the plains, the use of geoid an datum surface for height offers no 
particular difficulty. Levelling with suitable corrections can be made to 
give the geoidal height direct. The usual method employed is that of 
vertical angles. The heights given by this method are vagne and further 
considerations are necessary to reduce them either to the geoid or to the 
spheroid. The theodolite when levelled, defines the geoidal normal and 
so the observed vertical angles are really geoidal angles. The usual height 
formula employed in triangulation. makes two drastic assumptions, viz : — 

( K ) that the observed angles, a.re spheroidal, and 
( b ) that the geoid is a sphere. 

It can be proved that, with, conditions as they exist in nature, 
reciprocal vertical angle observations in normal, topographical triangu- 
lation give good orthometric geoidal heights inspito of the apparently 
erroneous assumptions involved in the computations. For longer rays 
as are met with in. geodetic triangulation, the precision of heights becomes 
less and lor high Himalayan peaks, where reciprocal observations are not 
feasible, the trigonometrical method gives poor geoidal heights. Hence, 
the older determinations of high Himalayan peaks were, weak. To gel. 
heights of such peaks with any degree of accuracy requires quite different 
considerations as will be seen later. It is important to realize that 
spheroidal heights can only be obtained from triangulation if every 
observed angle is corrected, for deflections of the plumb-line and this has 
never been done. 

The geoidal height of high mountain peaks can, only bo derived 
via the reference spheroid vised and this necessitates that the relation 
between the two surfaces should he known very accurately. 

The full specification of a reference spheroid involves 5 quantities 
( a, b, ij , £ , N ) fd; the datum selected as the origin of triangulation, 
where a, b denote the semi-a,xes, 7) , £ a the ptumbdine deflections 
and N the separation, between the geoid and the. spheroid. In India 
the a.xes ( a, b ) of the Everest spheroid which is still, in use for mapping 
were determined in 1830 and the datum chosen was Ka.liSnpur. In 
the 1850's, when observations to Mount Everest were taken, ideas about 
such concepts as plumb-line deflections and reference spheroids were 
rather vague .and not much attention was devoted to vj , £ , N . In. fact, 
the measured basedmes in those clays were reduced to geoid. assuming 
it to coincide with spheroid everywhere. As geodetic knowledge pro- 
gressed, if became imperative to allocate a value to N . It was defined 
to be zero at Kalianpur in I92fi using the criterion that this choice made 
the mean height of tiro geoid above the spheroid under the ten Indian 
bases that had been measured up to that time to be zero. The year 1925 
brought about the advent of the International spheroid, which is a consi- 
derable improvement on the Everest spheroid. For all scientific studies 
of the geoid, this is the spheroid, now used in India. It was defined to be 
31 feet above the geoid at Kalian pur in 1927 and the relation between the 
above two spheroids in India has been shown, graphically by the author 1 . 
ft is only when the concept of such a reference spheroid is introduced to 
serve as an intermediary that the problem of heights of high Himalayan 
peaks takes on a coherent form. The older figures of 29,002 feet and 
29,141 feet quoted for the height of Mount Everest are rather vague in 
that they do not refer to any defined datum. 

1 "The separation between different spheroids", by B. L, Gnlntce, Survey of India, 
Geodetic TCoport, 1 934, Chapter VTCI. 
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4. Heights of Observing Stations. — The tabJc below gives the 
heights of the <> stations from which Mount Everest was observed in 

1 849-50 : — 



Station of obsel'V 


ation 


11 
old 


ragbt used in 
computations 


HeigJ 


t pub 


is 


ted 


.'Difference 

feet. 


1 


feet 






fee) 






.Tarol T.S. 




■m 






2211 






-U 


Mirziipur T.S. 




■irA 






24fi 






- 9 


Janjipati T N 




263 






2oi» 






- 8 


Lachria T.S. 




•>42 






23i~> 






_ 7 


Harpnr T.H. 




■2-26 






■2 1 9 






- 7 


Minai. T.8. 


'( 


237 






228 






- 9 J 



Column 2 gives the heights used iu the older computations and column 
I!, the present accepted heights after' adjustment to spirit-level values. It 
will be seen that the mean height of the observing stations has changed 
by about 8 feet. An a result of this the height of Mount Everest was 
changed to 28,994- feet on the charts of triangulation in the General Reports 
for the years 1892 to 1903. In 19013, the old value of 29,002 was restored 
as it was realized correctly that the change was premature in that any 
new value would be burdened by much larger errors*. 

The values of the starting stations of 1880 observations have also 
undergone changes as a result of later spirit-levelled connections as the 
following table will show : — 



Station 


j Year of 
j observation 


Height accepted in 
ol der co mputatio us 

feel 


Present accepted 
values 




feel 


Suberkum h.s. 


1881 


11,()4I 




" 


Tiger Hill h.s. 


1880 


8.507 




" 


Sandakphuh.is. 


1883 


1 1,929 




L 1,91.5 


Phaliit h.s. 


j 1902 


1.1,816 




11,798 


Senchalh.s. 


1902 


8,599 




8,584 j 



111 order to avoid any uncertainty on this account, special care was 
taken to provide an adequate number of spirit-levelled connections in 
the new triangulations which have been used to provide stations of 
observation for the new work. 

5. Outline of the New Method. — The three main sources of un- 
certainty in the older determination are— ( a ) refraction, ( b ) neglect 
of deflections and ( c ) non-specification of the datum surface. 



* "A sketch of the Geography and Geology of tlie Himahvft Mountains and Tibet " l>v 
Col. S. G. "BiuTM-d, and H. H. Hayden, Part J, 1007, pp 20-27. ' 
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The diagram below ilhiwl.rates how those have been overcome in 
the new method. 



ML Everest 
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LE denotes the cross-section of the, topography between Ladnia 
( latitude 2(5° 25' 50" -32, longitude S(.>" 37' 15" ■ 04 ), a point in the plains 
of Bihar and Mount Everest ; A is a station about 12,000 feet high at 
a distance of 30 miles ( say ) from Everest. The sections of the geoid, 
International spheroid and Everest spheroid between these points are 
also shown in the diagram. 

Our objective is to get EC! the height of the peak above the geoid and 
this can be done via the intermediary of the International or Everest 
spheroids. For our reductions, we have chosen the former. If N^ N 
denote the geoidal rises under A and E respectively, we have EG — AG X -f- 
( EI -■ AI X ) — ( N - Nj ). The spheroidal height difference ( EI - 
Al 1 ) is determined by vertical angle observations ( corrected for plumb- 
line deflections ) which are burdened with refraction. In the older 
observations AE was of the order of 100 miles and in such a case refraction 
produces an insuperable difficulty. It is subject to large diurnal variation 
and its computation from theoretical considerations, can he in error by 
considerable amounts even if the observations are confined to the time of 
minimum refraction. In the present work, the vertical angles to Everest 
are taken, from a number of high peaks ( typified by A ), distant about 
35 miles from the peak. These stations are connected to the main 
G.T. series ( N.E. Longitudinal Series ) by a short-sided triangulation. 
Refraction at these altitudes, being neither so large nor so erratic as in 
the low lying plains, can be tackled much more successfully. The cor- 
rection to height due to refraction is only one-tenth of that of the earlier 
observations. At such high levels, the outstanding items that have to he 
reckoned with are plumb-line deflections and geoid ; errors due to re- 
fraction are secondary, provided there are no grazing rays. 
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.It might be mentioned that the height of Mount Kilimanjaro ( 19,34:0 
feet ), the highest mountain in Africa has recently been redetermined 1 . 
J.ti was possible for the observers to get to the mountain top with their 
theodolites and to carry out reciprocal observations. No account was 
taken of the plumb-line deflections, as Kilimanjaro is not such a, large 
mass. It is on account of the gargantuan mass of the Everest producing 
exceptionally largo deflections and deformation of seadevel and the fact 
that no observational work is possible on its summit that so many refine- 
ments have to be taken into account. 

It can be shown that the ordinary trigonometrical computations of 
reciprocal rays of a short-sided tri angulation give a good value of the 
geoidal heights. The geoidal height AG^of A is thus precisely known. 

The carrying out of short-sided triangulation close to the peak is 
thus an important stop forward. Not only does it do away with the 
major uncertain by due to refraction but it also gives good geoidal heights 
for observation stations without worrying about deflections. 

The estimation of ( N — N x ), the anomalous rise of tlio geoid in the 
last 35 miles., has to be based on clues provided by deflection and gravity 
observations. Deflection observations have been carried up to Naniche 
Bazar, a distance of only 1.8 miles from Mount Everest. 

In the older derivation, of heights, neither the deflections nor tbe 
relatiou between the geoid and the reference spheroids were available 
and the derived heights did. not pertain to any specific surface, as no 
account was taken of these important factors. 

6. Triangulation and Height Data. — Chart Li. shows the triangu- 
lation used for deriving the new value of the height of Mount Everest. 
The various topographical triangulatious emanating from the stations of 
the North-East Longitudinal Series were executed in the years 1916-53 to 
provide control for irrigation projects in connection with the Kosi Dam. 
Four Laplace stations and three base-lines were introduced in the circuit 
Thakiirganj— Diimdaiigi-Toughi-Saiidakpliu— Gai'hi-CJiyamtang-Teiixke- 
Khamtel-Meenashi - Dungre - Ghaut are - Sarunga - Laduia. This circuit 
closed with an error of 1 in the 5th. place of log side, 2" in azimuth, — 0" • 07 
in latitude and — -0"- 11 in longitude, which is very satisfactory. 

For the purpose of providing observation stations to Mount Everest, 
an extension triangulation was carried out in 1952-53, starting from the 
sides. Mayam h.s.-Laori Dauda h.s. and Aisyahikharka h.s.-Chhulyamu 
h.s. of the above work. This extension triangulation provided eight 
stations at heights ranging from 8,670 to 14,762 feet, from which 
vertical angles were observed to Mount Everest in the years ] 952-53 and 
.1.953-54. 

( a ) Position of Mount Eva-rest. — The old position of Mount Everest 
was rather doubtfully fixed. It was observed from seven stations of the 
North-East Longitudinal Series, but no two of them were intervisible. 
The angles had to be deduced through reference stations other than the 
observing stations with the help of azimuths computed from co-ordinates. 
The original computed values of the position were : — 

Latitude 27 59 16-748 

- Longitude 86 58 05-852 



1 Empire Survey Review, Jan. 1954, No. 01, Volume XII, p, 206. 
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Tho co-ordinates wore recomputed in .H)0f> using the adjusted 
co-ordinates ol:' the observing stations as dei'ived from the simultaneous 
adjustment of tl.1.0 principal trianguiatiou of India. The longitude was 
also brought; into tonus of U1.0 latest value of the longitude of the Madras 
Observatory. The co-ordinates adopted wore 



Latitude 


27" 5 


!)' 115" 


■ 2:2 


Longitude 


SO ,1 


3!) 


■01. 



Although not important from the point of view of height determi- 
nation, the co-ordinates of Mount Everest have boon roiixed from throo 
stations, viz., Bukur h.s., Chhulyauiu h.s. and Upper Ilauje h.s. during 
1953. 

The roworltw of the two triangles aro very .accordant, tho mem value 
being 



Latitude 


27 a 


!>' 15" -85 


Longitude 


Sli 5. 


5 ;-J0 -51. 



Mount Everest has thus to bo .shifted by about 40 feet .southwards 
arid westwards from its accepted position. 

( b ) Hait/hU. — Eroni a perusal of Chart If, it would appear thai- the 
triauguhition heights arc well controlled, by spiritdevel connections, The* 
heights for the computations of the present series take off from Piwangauj 
T.S. ( 72 J ), Chatra v.s. ( 12 N' ) and .Darjeeling Observatory h.a. ( 7S A ). 
Their spiritde veiled heights are as follows :— 

feet 
Diwanganj T.S. 188- S'J 

Chatra v.s. 378-68 

Darjeeling Observatory h.s. 7,144' 85 

The heights of Mayam h.s. and Laori Dauda h.s. were derived 
independently from 3 routes, — from Ladnia T.S., from Chatra v.s. and 
from Darjeeling Observatory h.s. respectively. The heights derived 
from these three routes have been weighted in. the proportion of 2, 3 and 
1 respectively. The result from Chatra v.s. has been given the greatest 
weight as apart from being shortest In length, it has the smallest 
triangular misclosurcs in height. The loudly accepted values of the 
heights of Mayam h.s. ami Laori 'Dauda h.s. are as follows : — 

Height in feet 

Mayam h.s. 10,9-1-8 

Laori Danda h.s. 11,877 

The triangular uiiscLosuros hi heights of the main anil extension 
triangtilations (see Chart III ) arc very small ranging only from to <± loot 
and it was not considered Avorfch while to adjust the extension triangulatiou 
by the method of least squares. 

Tins tiiiul values of the heights of the 8 stations from which Mount 
Everest is observed are given below : — 

Height in feet Height in feet 

Mayam h.s. 10,948 Pike Sub. h.s. 12,059 

Laori Danda h.s. 11,877 Soloing h.s. 11,658 

Aisyaiokharka h.s. 8,070 Lower Iiauje h.s. 13,357 

Chhulyamu h.s. 10,160 Upper Bauje h.s. 14,762 

From the evidence of the triangular miselosuxes it can be safely 
inferred that these are correct to within. 2 or 3 feet. 

7. Plumb-line Deflections and the Geoid. — The rise of the geoid 
under the mighty range of the Himalayas has been the subject of much 
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speculation. Duo to the- paucity of deflection and gravity data in bliin 
region, no reliable estimate lias so far been possible. 

By taking a generalized section of the topography of the Himalayan 
and Tibet, Mader* reckoned that N ( height of the geoitl ) under 
Himalayas would bo 877 metres without isostasy and 40-7 metres with, 
isostasy. He also estimated that the uncompensated geoid would rise by 
about 300 feet from the plains to a point under the summit of the 
Himalayas and Compensated geoid by 120 feet. Mader was not con- 
cerned with Mount Everest in particular and his figures can only be 
regarded as indicative of the orders of magnitude. 

Deflection, observations have been carried out during the last 3 years 
to delineate the geoid in. the Mount Everest area. For this purpose, a lot of 
preparatory work was necessary for providing a good starting basis. The 
existing geoidal section along the foot-hills of the Himalayas from 
Dehra Dun to .Darjeeling was very weak on account of the paucity of 
prime vertical deflections. 

In 1952, a chain of astrolabe stations ( covering a linear distance of 
about 300 miles ) was established at about Ifi-mile interval along the 
tower stations of the North-East Longitudinal Series. These observa- 
tions provide a reliable value of the geoidal height at Ladnia T.8. 
( latitude 26° 25' 50"- 32, longitude S(i° 37' 15" -04 ), a point in the plains 
of Bihar. In 1953, work was extended from this point to Namche Bazar 
(latitude 27° 48' 46" -5, longitude 80° 43' 12" -0 ) which is distant only 
18 miles from Mount Everest. The main effort was directed to establish 
stations as far as possible along the meridian of 86° 40'. A number of 
other surrounding stations wore also observed to extend the knowledge of 
the geoid in this virgin region. 

On account of the cost of transport, difficulties of rations, lack of 
communications and paucity of trigonometrical data to establish positions 
of stations by resection, it was not possible to put in as dense a mesh, as 
would have been desirable and it was apprehended that the variations of 
deflections at such long intervals might be too ragged bo allow of an accu- 
rate geoidal section being drawn. Bub the following will show that the 
data obtained is quite adequate for providing reliable geoidal information. 

Chart IV" shows the resulting deflections vectorially at the stations ob- 
served. As expected, these deflections exhibit several points of interest. 
In the plains, at a distance of 96 miles from Mount Everest, the deflections 
are northerly and easterly but are of small magnitudes. The northerly 
deflections increase rapidly till tire foot of the hills is reached at Ohautare 
( height 2,615 feet, distance 70 miles from Mount Everest ). Prom Chautare 
to the Mil station of Meenaslu ( 6,318 feel ), there is a decrease of !)" in the 
meridional deflection and after that there is a steady increase of about 
1" a mile till the maximum value of 71" is reached at Lower Ran jo 
( height 13,357 feet, distance 30 miles from Mount Everest ), beyond which 
there is again a deereaso as would be expected. The 7.1" deflection at 
Lower Rauje is the largest in the world. This deflection is with respect to 
the International spheroid. If Everest spheroid had boon chosen as 
the reference surface, it would have been greater. 

The section Ladnia-Sarunga-Cliautare-Dungre-Meenasbi-Khamtel- 
Rupakot-Mayaliddiarka-Pangu-Kliarte-Chauiirikharka-Niiinehe Bazar (sec 

* " Geoid elevation duo to masses of Himalayas & Tibet", by Mader. Gorl. Boit. 1936 
Volumo 16. 
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Chart II. ) is about- .100 miles long and the average interval between 
stations in its hilly portion is 10 to 12 miles. It is not strictly along 
a meridian, although very nearly so. 

The geoidal viae along this section, was carefully computed as follows: 
Although the curves of observed deflections were fairly smooth, our past 
experience shows that 1,0 .miles is too long an interval for mountainous 
regions and that it is desirable in such cases to reduce the station interval 
by deriving deflections at some intervening stations from theoretical 
considerations. The Hayford deflection anomalies ( -q — ?; 0s £ -— £ a ) 
were computed for the above stations on the assumption of depth of 
compensation of HH-7 kilometres and are shown in Fig, 1 along -with 
the curves of observed deflections. As expected, the anomaly curves 
are much, smoother than the ( i-j, £ ) curves. Deflection anomalies 
at 6 intervening stations ( K. 1.09, K. 1.08. Dungre h.s., K. 136, S. 130 and 
Chattarpu h.s. ) were read from these curves and. Hayford deflections were 
also computed for them from which values of -q and | were derived. Tho 
values at these stations have been joined by dotted litres and it will be 
seen that these values produce greater sinuosity in. the deflection 
curves, but they reduce the interval between the stations to an average of 
miles, and it is hoped, that their introduction has helpod to eliminate, 
to a great extent, the systematic errors in the computations of the geoidal. 
rise. It should be noted that this device to obtain deflections at interven- 
ing stations is not vitiated by the inaccuracy of the maps or by tho 
fact of Hay ford's hypothesis not being true to nature. 

As has been explained before, a knowledge of the geoid between the 
plains and the stations from which Mount Everest- has been observed is 
really not indispensable for deriving the height of Mount Everest. The 
very nature of our method ensures that the trigonometrical heights of out* 
observations would be geoidal heights even though no account wass 
taken of deflection corrections. This depends on the supposition that the 
deflections vary linearly between neighbouring stations and are not 
burdened with large random errors . To check this, the difference of 
height between Upper Rauje and Riitpakot was computed by two 
methods : — ■ 

( a ) utilizing reciprocal observations, dispersing height triangular 
errors and. ignoring deflections altogether ; 

( b ) by correcting observed vertical angles for deflections, 
computing spheroidal heights and then applying separation 
between geoid and spheroid to get geoidal heights. 

The difference of heights between the. two methods is only 2* 6 feet in 
a differentia! height of 6,237 feet which, is very satisfactory and shows 
that the deflections are adequately linear. Part of the difference is 
accounted for by the fact that ( b ) was computed along one flank only, 
while ( a ) was computed by using a series of triangles. 

We now come to the important problem of estimating the anomalous 
geoidal rise between the observation stations and Mount Everest. 

A reference to Fig. 1 shows that the meridional anomaly q — iq a has 
nearly a constant value of 16" in the hilly area from Ghautare to Kharte and 
dwindles down to zero at Naiuclie Bazar. This is in accord with what one 
would expect. Theory shows that for a depth of compensation of 113 -7 
kms., the effect of compensation on the deflection should be practically nil 
for distances tip to 1 8 miles from the peak and the observed deflection 
should ho nearly equal to the topographical deflection, Afc a distance of 
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40 miles from the peak, effect. 01 compensation is very material and is of 
course dependent on the type of compensation assumed. Since r\ is 
greater than t? c , we see that the region is im(lei;-coinpciifi;ifcod., a fact 
which is corroborated by t\w gravity data. 





Fia. 1. Deflection and Deflection Anomalies. 



The extrapolation of the ( »/ — tj ) and ( £' — f c ) curves up to 
Mount Everest can, thus, be carried out with, a considerable measure of 
certainty. The extrapolated curve is shown by dotted lines and the 
values of 77 - ij Cl £ — '&. for Mount Everest are ( -f- l"-2, ~|~ I" -9 ). By 
computations, the Hayford deflections at Mount Everest are ( — 13", 
— 2") from which the deflections derived are ( — H"-8, — 0" • 1 ). 
These can bo utilized for computing the gooidal height of Mount 
Everest. An independent method is to integrate rj— rj c and £— £' e 
between Namcho Bazar and Mount Everest and to this value add the 
rise of the isostatio gooid as derived from considerations of topography. 
The final value arrived at for the geoldal height of Mount Everest by a 
consideration of the two methods is 92- 3 feet. 

Table 3 gives the deflections at stations which have been utilized to 
draw a picture of the geoid in this area. The meridional components of 
the deflection have been corrected for the normal curvature of the vertieaL 
The resulting geoid is shown in Chart V and is believed to be of a high 
order of accuracy. The deflection stations have been chosen at stations 
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of topographical triangulation ami those can ho regarded, as unlikely (o he 
in error by more than J- 0"-L, The probable error of the astronomical 
latitudes is dr. 0"-3. The average interval between the stations is 6 miles 
and the proba.ble error of tlie geoidal rise N hi so fa/r as it depends on the 
meridional components of the deflections can ho reckoned to be + ■ '{ feet. 
The error of personal equation in the oblique portion of the section may 
produce an error of a foot or so and so might the neglect of the rigid 
curvature correction to meridional deflections. The last lap between 
Namche Bazar and Mount Everest may further be in error by ^ I foot. 
The total, probable error of the geoid in the Mount Everest region can, 
thus, bo reckoned to be of the order of 2 feet. 

Chart VI showing the section along the line o.f greatest change from 
Ladnia in the plain?, of Bihar to Mount Everest is unique and of very 
great interest. The geoid shows an unprecedented rise of 10!') feel- in a 
distance of I Oft miles. 

Computations show that the topographic geoid due to visible masses 
would produce a rise of 333 feet. The actual geoid displays l/3rd of tins 
rise indicating a considerable measure of compensation. To get an idea, 
of the magnitude of the compensation, Hayford deflections were computed 
for these stations and Hayford anomalies were integrated for the section. 
The corresponding geoidal rises of the compensated geoid between the two 
points is 31 feet. 

Both, the natural and compensated geoicls follow the topography 
and in the higher hills there are indications of a certain amount of under- 
compensation. Gravity observations have also been taken in this 
region and confirm the above conclusion. 

8. Final Value of Height. — Vertical angle observations to Mount 
Everest were observed with a Tavistock theodolite in 1052-53 and. with 
a Geodetic. Wild theodolite in 11)53-54. An abstract is given in Table 4. 
A number of sets were taken at each station. They were generally very 
consistent and the mean of the various sets on each, day was used for 
calculating the height. Column 6 shows the number of sets from which it 
would appear that a sufficiently large number of observations spread over 
three months in two different yearn have boon taken, to get a reliable value 
of height. As a, rule, at these heights, diurnal variation of refraction is 
very small and it is not essential to adhere strictly to the time of 
minimum, refraction. However, column 8 will show that in the main, 
observations haves been taken at this time. With the data derived in. 
the previous paragraphs, the ground is now cleared for arriving at the 
final value of height of Mount Everest. 

The geoidal heights as derived from each, station are given in Table 5. 
The various columns in this table are self-explanatory. Column fi gives 
the spheroidal height difference between the station of observation and 
Mount Everest and column 7 the corresponding geoidal rise. 

The heights, as tabulated in the last column, are burdened with the 
following errors : — 

( a ) Error in adopted geoidal height of observing stations. These 

are well tied to spirit-levelled heights und can be in error 

by 2 or 3 feet at the most. 
( b ) Errors in SN the estimated geoidal rise between the stations 

and Mount Everest. This can attain a maximum of 5 feet 

but should ho bettor than this. 
( e ) Errors due to estimated refraction. 
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No observational data, for lap.se rate exists for the actual stations and the 
refraction is computed on the hypothesis of saturated adiabatic lapse 
rate of 3 -ST/ 1,000 feet. For each ray, the coefficient, of refraction is 
computed with this lapse rate for temperature and pressure appropriate 
to a point one-third the distance along the hue. The variations in the 
lapse rate have, ho we tot, an important effect on the refraction. A. 
reference to the normal charts of the Meteorological Department shows 
that the average lapse rate in the Mount Everest region agrees very 
well with the above value. The vertical angle observations were taken 
during the months of December to March on sunny days when there 
was no possibility of in version, Variation can occur in this lapse rate 
due to changing pressure and other abnormal conditions, but it is "believed 
that the deviations from tin's adopted lapse rate are never likely to be 
more than 20% in our ease as the observations were carried out at the 
time of minimum refraction and the lines were well clear of grazes. A 
fluctuation of this amount in the lapse rate would introduce an error of 
only 3 % in the adopted value of k, which would produce an error of 1 
foot or so in height over a ray of 36 miles length. The error due to 
refraction may bo considered as random, for different stations and of 
very small, amount. Considering that we have observations from eight 
stations, spread over a period of three months in two years, the effect of 
refraction errors on the mean value should be quite negligible. 

A perusal of column ( 8 ) shows that the scatter of the derived values 
is only 16 feet, which is very satisfactory and is compatible with the above 
remarks regarding the errors due to different sources. In deriving the 
final result, weights have to bo assigned to the values from the various 
stations taking into account the total number of observations, tho 
number ot days on which observations have been made and the length 
of tho rays. It might, however, he pointed out that ropoat observations 
on the same day are heavily correlated and oven the observations on 
consecutive days are correlated to some extent. For instance, it can 
happen that successive observations on four days made during the time 
of minimum refraction may contain the same systematic error. Those 
observations can, thus, be regarded as a general check against gross 
errors in the vertical angles accepted for computation. 

As regards tho length of tho rays it is still open to doubt whether tho 
weights should he assigned proportional to reciprocal of the length of tho 
ray or tho reciprocal of tho square of tho length of tho ray. Fortunately 
tho scatter of the observations is such that it does not make much ot a 
difference whichever form of weighting is adopted. 

The weighted moan value of the height of Mount Everest workout 
to bo 29,028 feet with a probable error of ± 0v8 feet. This probable 
error is derived from internal evidence alono and is likely to be too small 
on account of tho presence of systematic errors. Bearing in mind tho 
various possible sources of error, it is considered that tho odds are 20 to 
1 against this value being in error by more than 10 feot. 

The height has been determined during the months of 'December to 
March. This is the period when the amount of snow on the top is likely 
to he least as the north-west wind is in its full stride. There is heavy 
precipitation of snow dining the monsoon months — June to September — 
and, although there is no observational evidence available regarding the 
change of snow fall at the summit, it is likely to be well over 10 feet. 

It might be of interest to record here that Makalu which rises from 
the main snowy range at a distance of 12 miles to the east of Mount 
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E vomit, has also been i/c-observed far height. I'mui [ho Darjeoluig hillr;, 
this peak do.iniual.orf the landscape rather than Mount Everest because if. 
is about .12 miles nearer. 

It is supposed to be the fifth highest in tho world and lias been very 
much in the news lately, as an American Expedition made a bid to 
conquer it in 1954 for the first time but had to turn back due to had 
weather and difficult terrain. 

Makalu was observed in 1849-50 from six low lying stations in the 
■plains, at distances of about HO miles from it. Like Mount Everest, its 
height was also campubed with a faulty value of the coefficient of 
retraction and without proper considerations of datum and deflection of 
the plumb-line and the value adopted was 27,790 feet. In 1052-53, 
observations were taken to this peak from live stations at distances 
varying from 35 to 80 miles. Tho value resul ting from these observations 
after taking due count of the geoid under Makalu is 27,824 feet. This 
is the value which will be adopted for the future. 

It might he noted that although the present observations enable 
the height of Mount Everest to be determined with a high degree of 
precision, they do not. contribute to the question of the uplift of the 
Himalayas. The question of the amount of erosion at the top of such 
high Mils and the secondary rise to achieve isostasy must still remain a 
matter of speculation. Although the rock summit is subject to violent 
seasonal winds, it is never bare of snow and the erosion is not likely 
to bo considerable. 

9. Analysis of the older values of 29,002 feet and 29,141 feet for 
Mount Everest. — The above two figures are so well known that to avoid 
future misunderstandings regarding thorn, it is worthwhile putting down 
their exact significance, 29,002 feet is a vague height determined from 
earlier computations of IS50 or so which, can be reckoned to bo either as 
being above the geoid or above tho Everest spheroid so oriented as to be 
tangential to the geoid in the plains south of Nepal. The datum surface 
was ignored during its derivation and tlvc coefficient of refraction 
used was faulty. The reasons why it, agrees so closely with the new 
value is due to a lucky cancellation of errors as the following will show. 

Error in the assumed heights of the observing stations raised tho 
height by S feefc ; the neglect of plumb-line deflections made the height 
lower by about 30 feet. Neglect of geoidal rise between the plains of 
'Bihar -and Mount Everest raised the height by 11(5 feet or so and taking 
an excessively largo coefficient of refraction made the height lower by 
about 120 feet. If the last two sources of error had conspired hi the 
same direction, the derived height woidd have been in error by over 
200 feet. It will be seen that two sources of error made the heights 
lower and two higher, resulting in a lucky cancellation of errors. 

Of much greater interest is the reason why Burrarcl, who was equipped 
with much better information, went astray by a much greater amount 
in his conclusions. He was one of the most famous geodesists of his 
time and did a lot of work on the determination of heights of lofty peaks. 

In his Himalayan Geography*, he gives an account of how in 1905 
he derived the value 29,141 feet for the height of Mount Everest by 
utilizing the later observations of 1880 as well. He was able to effect one 

* "A sketch of tho Geogmphy and Geology of the Himalaya Mountains mid Tibet" hv 
Burrard, Haydon & Heron ( 1933 ), pp. 5G-67. 
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important improvement in. that he could niako use of tb.e latest knowledge 
uji refraction. Ho was convinced, and it has often been stated in several 
publications, that his figure of 29,1.41. feet was much more accurate than 
2!),(H)2 foot. Oil. i.ins'o 57". Burrard comments that althouidi this fmure is 
by no means final, "The height :!1},1.4J, loot is still probably too small, 
as it has yet to bo corrected for the effects of deviations of gravity". 
He discusses tins question, again in. detail* in a Intel." paper, and points out 
the difficulty of finding a base for height measurement of the Hima- 
layan snow peak;-). Burrard makes a fundamental and a persistent 
error of principle in his arguments regarding choice of datum. He 
visualized the possibility of abnormal deformation of soa-level by as much 
as 300 leofc under Tibet, but contended that this had no bearing on the 
question of the heights of peaks and that the spheroidal heights were all. 
that would bo of interest to the geographers. In view of the remarks in 
para 7, it would be apparent that this is nob correct. The estimation 
of gooidal rise between the stations of observation and Mount Everest 
involves an extra step hut it has to be done. 

Actually, Burrard's figure of 20,141 feet is oven more vague than the 
earlier determination. Although, refraction has been treated more 
rationally, his values derived from stations in the plains are on an Everest 
spheroid, while these derived from hill stations are above different 
Everest spheroids tangential to the geoid at those stations. 

He visualized correctly that the application of deflections would 
increase Ins figure of 29,141 .feet, and recent observations show that this 
increase would be only 30 feet. The consideration of the geoidal. rise, 
however, which he ignored necessitates a diminution, of over a 100 feet, 
so that on the whole the above figure would bo decreased. 

io. Summary. — The newly determined height of Mount Everest is 
29,028 feet. It is but timely that the challenge of its height determina- 
tion should have been met shortly after its actual conquest. This is 
the iirst time that the height of an important inaccessible peak has been 
determined by a rigorous technique involving a relatively complicated 
nexus of facts and ideas. Geodetic observations had to he carried close 
to the peak to get quantitative figures for the distortion of the mean 
sea-level and the tilt of the vertical produced by the colossus. 

The new determination stands in a class by itself and its close, agree- 
ment with, the older value does not signify that the latter was well deter- 
mined. It is really due to the fact that like is not being compared with 
like. Judged by modern standards, the earlier deduction of the height of 
Mount Everest/vague in several respects, and. was burdened with large 
error's on account of neglect or incomplete consideration, of certain 
physical factors, it so happened, that by chance, the various individual 
error's, although large, have tended to cancel each other. 

There are several outstanding peaks in the Himalayan range 
— K. 2 , Kanchcnjunga, Nanga Par-bat, Dhaulagiri, etc. — which also 
need treatment similar to that in this paper. Doubt still remains 
whether K a or Kancheujimga should, occupy the next place. Their 
accepted heights a-re 28,250 feet and, 28,146 foot respectively and the 
difference is well within the errors of older determination. Some recent 
observations have been taken to Kaneheiijunga and preliminary compu- 
tations show that its adopted height needs increasing by 60 feet or so. 



* " The Place of Mount Everest in History " by Col. Sir ,S. G-. Durrani. 'Empire Survey 
Review, September 1934, p. 456, 



( 17 ) 



so 

■8 



p 

^ 



N 




s 


, — . — - 


o 

S3 


cy 


fSJ 


f-i 


"^ 


rQ 




C 


rfS 


- 


tos 




«3 


4-..S 


te 





w 
i-i 
w 


"5 60 o _ 

».gRJ.S „. 
»>.£" ,, a; 

« S i n f j 

A k ' 




° B C *> 

S.S-s.S 



( 1« ) 



P '.3 w 



S " 1 






-y .a 



f^ 



« 9 



fci 





&ct+-t o » 






■fa 


A o « 


s 1 


W r^ ^ 


^ I 








CO 
© 



^ 









-"1 









«5= 



Vi a 






i/j o 



^ S'i 



(ill *-< 



n« 



















o to 


C -P 0) 

d fl « g 

























•0 


CO 

10 


(Tip 


C Q> 


l- 


1-- 


r- 


61 


'"? 


r £ 




"™ t^ ft 


r-yj 





iyj 


rr. 


r/j 




o 
-p 


fcp 

r-,2 S 


-tl 





^ 


^1 


--0 


CD 




■y? 




O 


c-j 


00 


»rr 


to 






00 








'VO 


w 


i-H 
















HI 


w 


71 


I'/J 


w 


w" 






" 


.e 


^ 


-=j 


A 


pd 




tlj 
















fl c 
































> 
















M *3 


§ 
EG 


s 

u 
to 


s 


3 
.-a 

a 


+3 

3 

-a 


a 

CO 



















Hi 



U/» j 



ci n it 


1—1 










^ r^-^ 












1-1 . 






■^ j j s 


" 




>S OH 


u 


o 


i3 S 


^ 


1 


W & 







s 

2 



-& 



fcj 



^ 
Q 





*■ . uji 


'4 


F~< 


:.' 




n 




£ 


n 












t3 p- 



r-4 L- 



.:,-;, 




, ; , 




~T 




1 - 




n 




-\ 




1 » 




w 




:c 




e*> 


s-.,. 




,.« T, 


1 




1 




. — 1 

1 




1- 
1 




i 




1 




C| 
1 




[ 




O 

1 




i 






1 1 


»fl 


o 


'5. 


I'Jj 


I. - 


-1 


o 


o 


^ 


-j; 




Cl 


m 


Si 




a 


CO 


L- 


L- 

1 - 




ci 

cl 


3", 7£ f 



■■ CO -ii "{I CO CO 



JQ U"7 10 >.C3 IO lO O O "J5 i3 CD CO O (O 
C/D CO CO CO C/.' CO CO Cfi CO «j cyj CO CO GO 



£ 




3X 1 


Ll/j 


t:- z's 


CO -^ 






• CO 


• i9 


era * 

£0. C'» 


TO -O 


CO 


00 00 


«3 
«3 


OS 


r/j CO 


«0 M 



<! -5 < O «1 O -ti C5 <l C5 <! C5 **1 O ■< <3 -t1 C5 < O -«i O <! C2 ■< ^5 



r-H lO Ci 70 O >^1 r~l CI O O 1- ^ ^' O '£ I- Z 

i'^ K7: 05 -i' ^ lO I:"! O -II IO t~< C-l <M l: 3 O f-h c 

o o tr- 1- o o o i-! >fi> iu en ci c o ■ o ~< <: 

-I* ^i* TO TO 70 70 CO CO Cl CI CI CI rll "^ • ^ri* 1.^ 1: 

:r o ^ o — ^o ^ 'O 'jd ^ ^ "■£ ^O o ^ to ;j 

iM CI 71 CI <M CI CI CI C| CI CI CI CI CI IM CI r. 



?r" -^ 



lO —i 
O TO 



■»! O 






.a Je; 






'.D 



W 



H 



EH 



™ rf r-H 



CO 





(/: 


M 


c3 
SO 



w 



s S 



Q 



tl) 



w o a m 



^ a 



.9 +? 



5<* 



a 
o 



(3 .H 



M to 



( 20 ) 



o 



a«a 




■A/t 


2 &_y 






.3 0i- 






H • 






■d "« 












■S ° -! 


fl 


-, 


>vd 1 


■s 


P 






| 


w# 


Uf 


P* 


Q 


l-H 





I 1 



I 







O 
<3 



£ 
6 
S 






5 



o -g 
% %' 

.3 a 
"S-S 



& 



■•3 p- 






I I 



I I 









o 



03 
h3 



W 






&* 



CO 

1« 


O i- 


ri 

^ 




GO 


CO ^3 
' JO GO 



-f s-i « 



t; o <t( as <] c5 -J) C5 f. C5 t] O «! ffl -C, CS -*! C5 "1 O "1 O * 1 1 O -< C5 



IQ hH H o CO r/) (B m O 50 Hi M I- r X CO (CI CO 1C CO CO (70 

l-^ ia ^ <M ira -rt* lO ■**! O O 10 10^ CO CO i~i CO rt-l CO .-H fM ~t< IO 



f 1 . as <i © -"i as -^ c ■*< o <i as "i o <\ as <i a; **! a <4 cs -fi o <o 



Cm ia 



W 



3 

PS 



.a 



5 



PM 



05 



a 



S fl £ 



P-i 



r.-J 

'3 



0J "£ 



0j ^ 

ii 






Ph 


HJ 


a 


-T3 


<■> 




CJ 


*Q 






rf 




a 




o 




-a 


GJ 




cd 


a 


t 


rti 


1 


-d 


<■" 


H 


c 



( 21 ) 





^ 






















"j 2 




CO 


ci © cs 


© 
















t> ^» 


v * 


c* eo co 


i—i 














a£g 


cC 1 

w ^*j» 


1 


-1- -4- 1 


- 1- 














9 C '-M 




1 


1 7 1 


1 














^gt- 






















(5 t+- rH 


<— . i 




















Kl 




















tS CJ p_l 


3 1 


1^ 


© ,_ © 


•^ 














>-,iXJ 1 


> 


CO ~" CI 


o> 














ffl aj 




1 


1 1 


1 














R 


r3 


I 


1 i 


1 














3 
O 




CO 


ci g © 


qO 


•* 


CM 


ffl lO 


ct 


O L- 01 




^-vu. 


1 CO 


tO "pa (XI 


L- 


en 


© 
IN 


CO i£) 


c* 
ca 


C3! ^1 r-( 




O .xj 


Ph 




1 
















rfl ''■ 






i ~r i 


1 


1 


1 


1 1 


i 


1 1 1 






1 


1 1 


-r 


1 


1 


1 1 


1 


1 1 -f 


























,6 aj 






















y .-I 


a 
o 

3 p " 


-tl 


lO O i-h 


t- 


ai 


CO 


CM CI 


o 


—H oo ci 




oj a 

■(J 


h CO 


Cl ff^ 1ft 


)/3 


CD 


r~*i 


t.-J CjO 


© 


i-H (>j C3 


'— ^ 


tr,1 


*tf' ¥" n H j 


cc 


(N 


CO 


CO CO 


0» 


CO rtl CO 


■J 


<d 


1 


1 1 1 


1 


1 


I 


1 1 


1 


1 1 1 


r o 


t„H 


*H 


1 


1 I o 


1 


1 


1 


\ \ 


1 


1 1 1 


I— "1 




i*i 


















^ 






















d 








■ ' ■'■ " " " 















o 






at 


CO •— i CO M' 


"*■ CO 


CI m 


*+ CO 


01 IO *-H ^ 


C-i © 


OS CO 00 © © © 


-d 




k L "" ^ 


no lo -^ **' 


CO i« 


r/D £■/) 


00 GO 


a: oo ^ j oc 


OS GO 


GO © © p-1 C= O 


1 


■^ CO 


co ff-'i oa o o 


p-( (M 


0C o 


r^ t> 


Ol CO CO ID 


CO) cs 


© © \0 C* P3 CI 






*& r-H 


io >»h . co o (M 


IQ lO 


p-l IQ 


10 01 


^ tO ■* r-* 


50) © 


CO © -*r © © © 


=o 




















C,'L> 


_+■» 




■• Cl CO 


CI tfC 1^ 11^ 1Q 


© CD 


CD CO 


-*¥ ^ 


© © CI © 


© r-< 


© i-h © © l;c 


^ 


"bi> 




M* ^H 


•^ ■* lO IQ »0 


O © 


r— i r-4 


0! CI 


CO CO t|l IB 


O iO 


© © in c- © o 


IS 


9 




















£; 


hJ 




° Xi to 


Cp cD '-O cotD 


l *~ '- 


c- l~ 


r- i- 


L- [■- f H 


t- I- 


rjO >x r- 00 CO CO 


p 




00 CO 


00 CO CO 00 00 


00 00 


CO CO 


CO 00 


00 CO 00 00 


CO CO 


CO 00 00 CO CO CO 


^ 






«i^ 


<tjo^o-«ia^o 


«ja 


<io 


<\ C5 < O 


<& 


-efi O *fl C5 <0 


i* 








' - - 












- - 


■>» 






CO 


ci m e& a: 


00 oo 


o so 


1- CO 


CO 00 © <?■! 


cs © 


CI CI ©CI « -«T 








© CO 


p-* iC 00 lO TP 


OS CO 


71 C/J 


oci a; 


CO i-h ^ CO 


If5 00 


i—l 00 C( CO L^- IO 


p*i ao 


O (O IC O CI 


t-H i-4 


r/j p-j 


r-l ^ 


O ai ft co 


IO © 


1.- i-i )Q .-4 © CO 


« 


© 




■<+ cc 


O -^t- 1 pH C^ r-1 


© ** 


lit' CO 


(ft -M 


-H -+ rH <M 


C( ■* 


© -^ C( f— i i-h ir^ 


tq 


-P 




o <— * 


do co * <3a i-h c^j 


0C 00 


lO cc 


^ 1^3 


CM 0-1 0^1 *o 


© © 


CI CI WS t& --H — * 


'TS 




^ rtt -+ 


^ ^ 'O (N « 


1— ( »>=l 


PH r-J 


•—1 r~.( 


HH HH 


© © 


*** F- * © © © © 


■~: 


" ^ 




o J> t- 


t~- 1> l> c- t^ 


t- t- 


r- t-- 


t- l- 


» , f , t , c- 


t- J- 


I- 1- \-> l^ t- l- 


a 






(N <N 


CI <M CI M (M 


W cN 


l?l O] 


(M (M 


CI C^l t?l CI 


CI CI 


CI CI IT 1 CI CI C3 


=0 






<JC3 


<C!5 <JO <CS 


<3C 


■<o 


-il C5 <! O <i O 


<JO 


<!C3^^<iO 




















- - - 


■ua 


















O 






















«> 

^ 


-+3 


4^ 


CO 


CO GO f*> 


00 


53 


(Nl 


C-3 00 


CO 


oo m t- 


ySh 


3 J 


o 


-4 fM t>« 


■* 


l-M 


p- 1 


© CO 


CD 


© i-H Ift 


■y 




cc 


r-- o oc 


C5 


O 




CO © 


© 


I- © © 

r«l «4 © 


Q 


M 




00 


M C5 p-( 


o 


Ut 


Si 


l- X 


I- 






fH 0-1 I-* 


l—l 











f— < r-f i-HJ 

__ _ . 


eo 


















R 






















t-t 






















ffl 






















«tj 






















EH 


03 




a 
.2 

ro 

0) 

O 

© 


,9 ~ 




tn 
















c3 




tfl 


M 


4 


05 


«■ 


2 ffi 








pS 


pq p c 




c. 

E 
"3 


pC 


to ^ 




"J 5 










S . o 


s 

I0J 


"to 

ei 
B 




3) 
in 

a 


+= -^ 3 

s ra — • 

~ td gj 
rf ei o 








d 


is* ^5 id 
*i5 F^i h^ 




6 


fS 


d to 

C5 <5 


< 


j= a o 

Ph M H 






s s s 




s 


S 


t 


- 


00 ' " 
















cfl o 




t-»> 


CO OB © 


(«4 


CI 


CO 


vil to 


CO 


i- oo a 




'gfc 




c* 


(71 (M CO 


m 


CO 


CO 


CO CO 


<n 


C3 CO CO 




oa 





















F-^f 



5-o 



t- a 



ctt 


-p 




^ 


<1 


a! 




'B 






(Tl 




- 


pj 


r 




Ci. 


~^> 


fi 


~\ 


o 


o 










n 


.9 







T3 


4> 
3 








at 


a 


r" 



( -'2 ) 
Take, is ■:!:. — Vertical any! en to Mount Everest 



Station 



Date 



Timo I'ro.smire 



( Season : 1.952-53 ) 



Miiyfmi h.R. 

fjilori Danda h.u. 



AiHyfihiklmrUa h.s 



ChUulyamu h.s. 



Piko Hub. 



Solliini 



Low or R.-iujo h.s. 
Upper Rail jo h.s. 



31-3 1953 

20-3-10B3 

27-3-1953 
28-3-1953 

20-3-1053 

3- 2-1953 

9-2-1953 

10-2-1953 

16-2-1953 

19-2-1953 

20-2-1953 

h.s. j 2-1-12-1952 

„ i 29-12-1052 

,, ! 30-12-1962 

h.s. I 3-1-1953 

„ : '1-1-1953 

„ I 5-1-1953 

10-1-1953 

26-2-1953 

27-2-1953 

28-2-1953 



( Season : 1953-64 



Chliulyamu h.s. 

Piko Sub. h.s. 

Solluug h.s. 

Upper B-awJo h.s. 



2-12-1063 

5-12-1953 

11-12-1953 

16-12-1953 



12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

15 
12 
15 
12 
13 
1-1 
15 
12 
15 
11 
13 
12 
15 
12 
15 
12 
11 
12 
15 
12 
15 
12 
14 
12 
1-1 
11 
15 
10 
15 
11 
12 



9 
10 
13 
15 
12 
15 
14 
Id 



13 l;t. 


22 


01 to 


33 


08 


08 to 


26 


07 to 


17 


29 to 1 


31 ! 


27 to 



05 

01 to 
24 

39 to 
09 

00 to 
01 

50 to 
24 

02 to 
30 

01 to 
23 

04 to 
45 
18 to 
48 

25 to 
07 

36 to 
13 

09 to 
01 

41 to 
04 

58 to 
01 

31 to 
35 



63 to 
13 

56 to 
20 

20 to 
32 

24 to 
31 



20-0SJ 

19-19 

19 '29 
19-40 

t9- 30 

22-11 

22-07 

22-11 

20-76 

20-73 

20-87 

19-90 

19-48 

19-53 

19-62 

19 ■ 68 

19-74 

18-31 



17 


46 


17 


53 


21 


14 


19 


70 


20 


13 


17 


8S 



Tom - 
jioriiUirc 



58-8 

55-2 

60-3 
55-5 

50 '3 

45-0 

51-0 

52-3 

57 ■ 9 

58-2 

54-1 

37-8 

37-8 

33-9 

36-1 

40-9 

46-6 

40-9 

43-0 

49-1 

4-1-0 



50-1 
51-0 
40-2 
36-1 



S ! Oliscrvi'd 
t 1 ■ I'ni-iioiil 



o 



vrrl 
iuiylo 



5 ! 3 52 19-7 

5 i 4 05 59-38 

1 4 06 00-05 
4 4 06 03-90 

4 05 58-54 

4 56 17-71 

22 i 4 50 13-72 

23 ! 4 56 10-01 
10 | 4 44 53-50 
45 4 44 50-98 
29 4 44 57-57 
60 j 4 09 39-8 
47 j 4 09 40-9 
37 | 4 09 48-0 
50 | 5 02 44-3 
28 i 5 02 37-9 

6 I 5 02 37-0 
27 5 23 35-4 



Deduction 
eornu'tion 
on Inter- 
national 
spheroid 



-1-30-4(5 
+ 15-17 



-I-45- 
-1-415 


17 
17 


+ 45 


17 


+ 53 


.... 


+ 53 


\M> 


-1 53 


22 


+ 50 


74 


+ 50 


74 


+ 50 


74 



5 05 02-45 
5 05 01-20 
5 05 02-88 



4 45 91-0 

4 09 42-4 

5 02 41-4 
3 5 05 03-47 



+ 40-09 
+ 49-69 
+ 49-69 

+ 54-81 
+ 54-81 
-I 54- SI 
+ 58-99 
+ 54-83 
+ 54-83 
+ 54-83 



+ 50-7-1 
+ 49-69 
+ 51-81 
-1-54-83 



( 23 ) 
'A.U1YI3 5. — thiijhl of Mownl Everest 



Station 



| Dis- 
iSonaon i tllllro 



(=2) 



liiyiun 

I jfn H'.i Duurla 
Aiiiyalukliarkii 
I Ohhiilyumu 

PikB Sul). 
I Solluii^ 

Lower Ran] i! 

llppnr Jl;injo 

iSollnng 

Pike Sul.. 

I'Tppor Bimjo 

Chlmlyfumi 



1952-53 

1952-53 
1 952-53 

1952-53 
1952-53 
1.952-53 
1 952-5;! 
1.952-53 
10.13 54 
19D3-54 
1953-54, 
1953-54 



(•'I) 

mill's 
47 
42 
12 
4.1 
4.1 

:to 

30 
29 
30 
41 
20 
41 



Hoii;ht | Sphnruifjal 

of J lll'igllt. 

rit.fil.iou : ililToi'iiii.'.-o 



(-0 I 

"to ~ [ 

J 0948 -J ! 

I 

11 877- 'I i 

Sfi70-3 

,1.0160 -4 

12059-3 

lUi57 -9 

13357 '4- 

1470:3-1 

I1G57-0 

12059-3 

.14702 -1 

10160-4 



(5) 



l'cct 
18145-6 
17201! -2 
20412-7 
18020-1 
17011-8 
17411.4 
15700 '8 
14293-1 
17409-9 
17015-3 
14290-7 
18917-8 



(0) 



SN-— Ook'El ! Gcoidnl _ 

rise OcUveon ! liciylit of 

fcheshi.LiuiuiiKl 1 Mount 

| Mount i .Everest 

J Everest j = (6)-(7) 

i IJ) (8) 



feet 

29093-7 

290S3-B 

29083-0 

29080-5 

20071 ■ 1 

29009 • 8 

29058-2 

20055 -2 l 

i 

20007 -8 i 

29074 -0 

29052-8 

29078-2 



ti'iit 

55 



50 
47 
40 
32 
30 
40 
47 
30 
50 



i'ttL'l. 




29038-7 




32 ■ 6 




3I-0 




30-5 




24-1 




20-3 




20 .2 




25 - 2 




27-8 




27-0 




22 -S 




29028-2 
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